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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a 
GaN single crystalline substrate which is epitaxially grown and has a few 
defect density. . ^ 

SOLUTION: A metal film deposited on a substrate having a gallium 

nitride single crystal on its surface, the substrate deposited with the fe^i;^ ! T3r-:? ! ^: ? ^ 
metal film is heat^eated to form voids in the gallium nitride crystal on ' 
the substrate, gallium nitride is further deposited on the substrate having "vrm^ r- 

the voids in the gallium nitride crystal to bury the voids, and then a 
nearly flat single crystalline gallium nitride film is grown on the metal film. 
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( 2 ) 

. " 

10 

iiSa««®S!jt:^ffi„ 20 

m^ms] ^wizmi^^^itiS'j'yA^m-r^m^ 
±iz^mm^mm-r^xm. 

ntsm^m^^mmi^fz^wzm^sim^mLT. tam^m 
m^^m^itmizm^. m±m^<tmizvt^i^-iz 

WiB^fl::^U'i'A^^4'(c^Eg*mLfea«±Jc. $ 

e.tc^{k:*fU':7A<&iftw$-tsrT. mim^m^msb^^. 
m^^Tmm^mm±iz}si&wumf^^mt:^'j <yAm^ 
esL&^it^jim^-^ti^t&^WLt-r^. so 

[»*]14] BirfH«®{c*i^a^<i:;f/U'i^A^*-r^ 

^isa^ft^tf'jc^AiigasifiiBLfcfiiiswaig. 

A(Dm^^&mi^^mi$.vrzmu±iz. mm^^ittiu 

[»*:«5] «*JH17SS3»l.i-rn*^lJB(CfE«« 40 
:^te{cj;0#&ns^fl:;«f'J'5Ai|gS»«Ji(c. z^^- 

tismmn^&mm^mfS.vrz&^±\z. mi^^^it 
;tfU'i7AiS®s:, mm-^T.^^m^m.nb^/v'cmmiy. 

itiJ') >i7Aiiga»«o«[jS*S. 

[0 0 0 1] ::^(p]JciEl6]LTV^-g)^t«: 
{t:«f U O AiiSIIS«®88it:^ffi, 50 
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[»*^7] flfIfBgjSic^iiSft^ft::tfU'^A^*-r^ 
**g«*M*^ [0 0 0 1] :^(R]tc:gH[pjLT*JO, 
S&ia^JSiK**, /<:Hm%fs.<b [0 0 0 1] , ^ij^^fs. 

e. [1 1 1] m-^mzm,m.\P\\^T\^^z.ii^o^mii-r 
m^minm4<D\^^-rni:)^imizmM(DmtiiU'y 

AiSSS*««aS3S:^ffi. 

^:it^!i^mt-r^. m>^minm3(D^^irnii^imiz 

1 0 nmJJi±Tf»-5J:i:*#mtT-g). gS*«175M3 

©v^-rnA^ 1 mtzm^(D^<t:fS'j 'yj^i^m&m<omm.:f3 

m>^m 1 0 ] |friEl^ma«M«*i too x:£{±x$> 
•5c:t*!^®t-r*> »*ai7iM3©v»-rn7&u«(c 

m^mi 11 ^ISg^mL/i^il:;t/U'^A®{cistt 
^ft:«f' J >^7AI^CD#^?L^*t 1 0 %£AJi 9 0 %Mm-C&^ 

m^m 1 2 ] titsm^mma^G a N®^i^^{Ejt-r'5 
7!;M3 oii-rn*^ 1 «(csE«©^{t;«;u -^Aijassiso 

<^Wit-r^. m^miTbm3<D^^-rn^^imizmwt<D^ 
i\Li3 u Ai®aa«(^iSit:^)*o 
[w*^ 1 5 ] matm i tim 3 b<D\,^imi)^ 1 ji 

:^U'i7AS«*f#^X@<i:i&^t;c:<i:$#Sti:-r-g). ^ 

^{t:^'j C7Axfcf^4^>'-v;pfigfi»^*-r^«jt<&^ 

^SMX«^«MftM©Tift®*iiSaS{t;^/U'i7A 

^i^a^rt;*; u -5 A X tf 5^ ^ A- i 0 fciEfe 

-5. ^Yk;«fU'i7A*ilsSffioxif^'^r->^;i/fi)tfiK«, 
[«*^ 1 7 ] «® ® Bfjismigft^ft;!/ u AX tr^ 

4^>--v;i'fiKS®®e{5i«a*^\ 1 X 1 0' cm-' Ji(,TT 




( 3 ) 

3 • . 

( 0 0 0 2 ) mtfT. (1 0 - 1 0) iHj^ifcJCO. 
^->^;UfiRSH©tefi:S5S7!>t. 1 X 1 0' cm" iJ^TT 

iS'^->-\';i'fiKfi»«. 10 

[tt*]S 2 1 ] m^m 1 5 {ciHao:^ffi(c J; o # 
n, teia^STsn X i c cm-' uTT^^cii&ittm 

im^m 2 2 ] 1 5 tzmmff^^omiz^ o # ^> 

n, Xi6gliliTD>;/^>i^:*;-y©i|iili|Sj!>t, (0 0 0 
2) mm, (1 0- 1 0) HJrtfefCO. l-mTT* 

n, 1 X 1 0' cm ' iy.Tl?feO. 

■eo^ffio^ffitt^^ 5 0 0 iJLm<Dm.mizt>tzr) , mm 

m±0. 2 MmJJlrttCA-pTti-5CtS:!RFliS[frs« g 
[0 0 0 11 
[0 0 0 2] 

mti5^}^h. (GhN) . ^<t'f>5^'i7A 30 

iiUOA (InGaN) . Sft:tf U ■t/ATJl-S— -i^A 

(GaAlN) ^(DG aNmt-^l^^^mt. ^^^^ 
^^^-V- (LED) ^P— tf-y-f ^- K (LD) ffl 

•5, 

[0 0 0 3] GaN35{t^^i|i#«J«. A*;Pi7i»^fi)cS 

*^ilb<. t<£oTS^ffltcWx.-5GaN®e5i«««*fc 
M5I^±{C*S, ^iaEJl2:<||ffl{tSnTt/i^GaNjKfi 40 

±fr*t8^®^*Bj!!c«^ (MOV PES) ^TGaN$: 

X tr 5' ^ -> -v- ;ufijcfis -ss^^^dt-iRjcffl i/s e nx 

[0 0 0 4] ■y-:7 7'f 7S«tt. GaNt1&^SI»d<M 
1S.^1t.isb, 1t7r-1'7a«±(rif[«EGaN*fiRfi$-a:fc 

J6. -y-^T-f TS^iJC— a<SSTA 1 N^GaN»yN' 

^*&ig5fnS-li-T*^e.-^C5±{CGaNS:fiRSS-B-S::^fe 50 
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*^'#^$nfc (i^WBSe 3- 1 8 8 9 8 3) o CCD®® 
^^^mWnM^nv y rHi c i:T% G a N 

w¥ilSaxeiS'+->^;i'fiKfi«nItg{c;^cojt. bA^b, 

=foL-l«<> C^bT#^.nfcGaN«. 10'~10"' 
cm— ' feWlE'KSrWbTli^. GaN^ 

[0 0 0 5] i£^, iJ-:7 7'f TiGaNCD^&^^ScMtC 

LO(Appl. Phys. Lett. 71 (1 
8) 2638 (1997))-^, FIELO(Jpa 
n. J. Appl. Phys. 38, L184 
( 1 9 9 9) ) , '<>7':tXt!:$' + v— (MRS In 
ternet J. Nitride Semicon 
d. Res. 4S1, G3. 38 (1999)) t 

7r-f7^©a«JL{Cfigfi^fiirfcGaNJi{C. S i O, 

35^^>:S ^fCGaNiSft*S#?WJCfiXS;$-i±T, vxi^i 
^G aN/S^^^'^Jl'fiKSTfflo J;o(C-r-5^:tT, 

ftlR^M^lCctO. GaN«tiWte<4^ga!ttl 0' cm-' 

;&;t3feo ^?iJ;ttf. iRfBI¥ 10-312971 {Ctt, CIO 

[0 0 0 6] 

m.mmcynmm fiig«ELo>^«i;a?)<!:-r^®K 

feG aN©fiKSS^Stt, li-rnfcSiO, ^^Ct'O/l:^'- 
• iSfe?^xe^;5^e.7SO, #«t'1«i8IX#;>c/j:ii$W*S-r 

•5. sfe, ffli«cafiJ!)axs«SrW*sn^fcje). vx^^j^ 

[0 0 0 7] sfrlE®Sfe««. ±aiOjl01Si^;icXiS^£S 
rs*)©®, »^n*GaNijlSSiOte42^Effi«> i5-rL 

fcLDM%lct-s.x}ilSovK{it{c«;ic-3X^i;^cCiio :i 

©HtceSbX, «fifi-rSGaNt>tC2*t|fi!^L. i^S 

;tje)<!:^^e.xtJt), cnjcoiixtticiiif 

(^nJAtS, J. Crystal Growth 20 
8 (2000) 804-808) S:#M$nfeli, 
[0 0 0 8] 

[0 0 0 9] 



[0 0 10] 

«. GaN«ga4'{C^RgSrWr-5)l©PfiK:^j*i:. CI© 

■B--5:*rte{cd&-g., 10 

[0 0 11] GaNxe^' + ->rJl'B± 

Sr*-r^#^®^S^«)BUT|SiMS&fi^P<i:. GaN 

S{t-rn«. ^CD±iCGaN#i^S2:Xt;5':^^->^;i.fiK 

G a NXtf^ + ->-^;Uj5!Kfi©S^'tt*itSiie)'5)fcJ«>{Ctt, 

[0012] d ^ LT^^fig^nytT i NMtCti, T 1 CD 
;?$/0^5 0 0 nmJ:Ofc»Vi«-&, ^cD^H(c^/jN;5:7t 

^fi^-li-St, T i NJ»®7^:«rjlbTTJftGaNiea't' 30 

«^^J&5ffi5fe6<)(cai*jX*n. ^ViTT i NMJiClGa 
Ni^ffi^tfiXftLT. ««IW{CSSO¥S?^GaNXfcf^ 

[0 0 13ia*«, C:C5J:^tCUTGaNXtf^'^v 

iSiirscitT. ^lii*^a^^)ii^t?fi)tfi-r«GaN^lsa(f 

;«cti(cMii>-r-g.o Mfc, ^m&.{^(Dmm 40 

JCj^tjTVifcfefet). T i N1K©#*EJC J; 0 T i NJ^± 
TfiRSTSGaNilSStf>tcgi€r«t*«n-5Cli:*«:*Vi. ^1 

■5LT, T i NM±tCfiKfiLfcGaNXtfiS'^->i'JI/iS 
1 X 1 0' cm-' JJtTtcSTiStefi: 

[0 0 14] tete?g«{B;M©;t*(ctt, T i m^#ttT 
TJftGaNiiSStftC^Kg^rJ^fiKb, ;in^T i N 

^WL»ftf^»(OG aN^m±lZ. G aN©Xtf^'^->-\' 
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NjS^4"('^l^ii8*mTbili. ^<T=b 1 0' cm-' 
gS®!Efi[^ar®«gffib76^»^nfj:li. ^ Ac, T i Nl^ 
±©GaNfi£fttt, i^MHl 0-3 2 1 9 5 4-^#MH 
11-260835 Sr«i;ise)t UT. -PTS^OiRffFfC 

©•y- :7 r -f T ± tcfiKfi L G a N X fcf ^ -> ^ ;UiiSffict 

0 fctefe«af*{SM^-ti-^C:i:ttT-#;^j:Vi„ T i NIK© 
^6E<i:. ^ll^©ai6)i.*-fi)c«<i:75^mi9-^*D^nT. ttU 
J6T:*:i|i^te«l^?gft{S«^5!l**^^ i; 5 ©T& « . 

[0 0 15] GaN©fig:gffitt. MOCVD& (W«St^ 
S^fflfiKfij*) *«Uis6i:L.T. MBEj* (^^i^xtf 
^'=^->-*) , HVPE^ (A-r K7-r HMfflfi)t«S) 
fit*. a>!r©:^j£S:*Jffl-rsc:t*ipI|gTfeS. 

[0 0 16] 

[0 0 17] 

_h(C. MOCVDffiT. TMG ( h U U 'i'A) 

iNH, SrH^Sft L-T. T> H-:?'G aN)l$r4 0 0 n 
mfiK«b}ta«*ffli&Ufc. ;i©GaNXtf5'^ 
->^JU»1S±{C, ^ST il^*2 0nm^#bAc, T i 

Nxtf3'4^->-^;i'»«±-T?. T j [0 0 0 1] :^iB]ir 

[0 0 18] ;i©aiSSrMOC VD^PrtlCAnx. H: 
*2 0 %?l-&L7tT>^:X7'©^tf!t4'T\ 1 0 5 0 1C X 
3 Om i n(Dmmm^Ml'tz. f^Ma^ifebfc*«©X 
l»lHl»fJa!l5t*fTofctc:^, 04tCS^-rJ:5{C. TiN 

©iH]tffe-^:<»^a«^fn, ci 1 1] 

Sfc. ^©«HRU^»rffi*SEMT«^Lfei:C:^. ^ 

1 N]K©«ffitCtt. 0. 1 ximg«©WH§-T?m/jN;i^i5^;0i 
1^— tCWViT*5 0, Tife©G aNi^ffiJc:«giiS~4 0 0 
nm0^ie*tT#T, ef®*^HftJg©JtofcG a Nijeffi 
©W;SC-l?. T i N]^*i^ASnTliSJ:^;^«itT* 

[0 0 19] 

•t>-7r-f TC®S1S1±{C. MOCVDj*-?r> TMG<t 
NH, $rM*4iLT. T > h' — :/G a N@ 2 4 0 0 n 
mfiKSLfeS«*ffljicbfc. llWCaNXtf^ + v^JU 
^JST Iii3*2 0 nm^«L, CinSrMO 
CVDjtPF'gtcAnT. H, $r2 0 %jg-&LfcT>txT 
^Sitf-^. 1 0 5 Orx 3 Om i n©|^jn.S^)®Lfc. 
$e.t:i?|#ifSl^€r, I^JPrtt?. T i]i[±{CTMGt7>^ 
X7?&lfiipftUT, 1 0 5 0*CT?GaN]^4$2 AtmfiR 



ft Lite e^O#XgJci3tt-5»«®8lfM^jt*. m2iz 
[0 0 2 0] »6)tlfcGaNxeiS'^v'-v;i/SS®S® 

fiLfcgt#©GaNXtf^4^->rJl.S«<i:lt««LT. 1^ 

[0 0 2 1] C1©S«$:»J0, ^©Wr®i£rSEMTm« 
Uyttd^. muzmf^oiZ. GaNTfl6il2' >f(C 10 

SJ6^<^nT*5D, -^CDJilCT i NHS ' *:iVbT¥ 

[0 0 2 2] mm.<D^mt:^=f-mtimmikxm.mh. ^ 

[0 0 2 3] c:®a«®XiSia#fa!li£*ffofcti^. 
GaN (0 0 0 2) ®lil^a-v:^^>>/:^-:/(Z)i|£{»i|l 20 

it, mm.m(H<D^:L^m&vxhm8 0 s e c , ^rz, 
(10-10) mmmu'y^>ifi3-:/<Di^mm^, & 
m.mf^<Dii:i^m^vThm i 3 o s e c s^vf-^m 

[0 0 2 4] C:©»1S©^®ffi$i£r. «SeMth^fflt> 
[0 0 2 5] 

[iijs^^js] i[S2'f >5^o*jsa-t>-7r-fTc®a« 30 

±tC. MOCVDjiT', TMGtNH, t:m.mtVX. 
7>h*-:/GaN)1^5 0 0 nmfiKSbAca^^^fflSU 
^OGaNxtf^^^vi-^l/aSitC. ^igT i M<£ 
2 5nm|SI«PL. :in*MOC VDj^rttCAnx. H, 
Sr2 0%il-&L/tAr©^«iittfT. lOSOrxiOm 

MJCl 0 5 ©"Cx 3 Om i n0^5a.a*]66b;t:. 

m^P^X, T ilK±tCTMGi:7>^x 
T<£:M!|sf<hbT, 1 0 5 OICTS i H — :/'GaNIK*2 
/zmfiKftb;t, 40 
[0 0 2 6] »6tlfcGaNXfcf^:^^v-t';US«C!)«® 

SLfcfE?¥<DGaNXt;^^^->r;i^a«<i:lt«LT. R 
bfc. c:©««(OXi!iSlllt»TjH!l^S'fT-pfc<i:C:a, GaN 

(0 0 0 2) mmm<ntiy^>'ifti-^<D^mm\t, * 

«SrtOfZ:S:jai^LTt)*«3 1 2 0 s e c ^ffTl^ 

-fjim^^imi^x^^^ciii)mm.x^ni. ^tz, xm 
mmmi&xit, tin (i i d m<Dmm\d—i7^m.m so 
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[0 0 2 7] :i<D&n=S:nr), -5-®Sefa<&TEMT'S5K 

bfcid^, 5|j!iE^J2 0*i^t|^;(«(c, HUc^f J;^ 
-y-^r-f 7a«l±{C^Egc7)ias?)CiA,SnfcGaN 

S3&:G a NH 4 *tJei«$nTl>S«iftfc;^-DTVi« CI t 

m.mx\t^(Dm^^m^t^\z-r^:ititmv^\ l*^ 

L. TEMTlS^Sn-SteewSBadt. jl««)MO^g 
GaNTSS?$n-5 1 0'~1 0" cm 'CS'^T. 1 

O'cm-' ea^{C^X;»ci|StcM/>LTl.iyc::it*^5>, - 
H.^gft*^J^fi£$n. TifiGaNBJ:Ofetete:^ 

«©iB:i/^iigaT-ai*j^i* n;t c iz-^mrnvtzo g a n 4- 

[0 0 2 8] c:<DfiRfite«, 1 0 r u n»Ct)fcoTPfS 
tt/i^^^ff T'^ ^ d i tlfc, 
[0 0 2 9] 

[«]SS0!I4] lfig2'r>5^®*i^ft1t7T<TCffi»« 
JitC. MOCVDffiT. TMGtNH, Srl^lN-tbT. 
T>K-7'GaN)i^5 0 0 nmfigSL/c*1g*ffl:tb 

fc, ::cDGaNxifiS'^->i';i'a«-hic. ^jgTiJK* 

3 0nmil*L.. Cin^&MOC VDj^rtJcAtlT. Hj 

5:8 0 % + NH, 2 0 %®ig^M8S't'T> lOSOrx 

3 Cm i ncDmmm^mvrzo z.<D&m.^—Bipn-\zm 
omb, mmm.xmw.&mizm5 iimm<^mmfj.^<Dm 

ViitT i NM*«-e€TV»SJ:i:*Bt^bfc^, HVPE 
<Prt{Ci^bT> GaN<&3 0 0 ximii«bfc. ^StCffl 

NH, tGa C 1 T-^o;^c. 
■^EE, &^m.m.l 0 5 O'CT, fig«Mai«8 O Mm/h 

[0 0 3 0] »e.n>S:GaNXtf^^v--\';Pa«®gffi 
tt. l^^fCSpST. S^^IS^:teJ:t>*SEM«^lCj; 

s;fi!tfiGaNxtr^=^^>"\';i/S«tjt«bT, ifeSJc^ 

oTVi^HtSrSg^bfc. 
[0 0 3 1] C:<DS«*SiJO. -€-<DBf®$SEMT«JII 

Tfffc«CfigfibfcGaNi^STlli>e)^<$nT*50, 
(D±\ZT i NB^::^^bT¥S)^J:GaNffl75^1tii^$nT^i 

[0 0 3 2] a«®«®«:2 5 0'C(cADl?!ibfc«l®!i«lt 

Sfoig-^s^ffT 1 2 o^x-v^^^iJ^b. msizmntzif 

hOSSSrSEM^fflViTilSbfctC:^, 1X10 



[0 0 3 3] z.(Dmw.(Dxmmmm^^n^rzt::^. 
GaN (0 0 0 2) mm^uy^yifti—zfo^^mmi 

(10-10) mmmtiv^y^fi--f(n^m.*i&%^ s 

«ffirt«t*C^ia)^LTt>*<J 1 5 0 s e c fiJfTi^ 
[0 0 3 4] ii»»«®«B)a$$. «iBia:IIH-&fflVi 

±0. I p.m&.n\zx-o'z\^^^z.t^mm\^tz> lo 

[0 0 3 5] 

IJifC, MOCVDffiT. TMGiNH, SrM*5|.iU 

T>K-:?'GaNB5Srl MmfigSUytSffiSrffljS 
bfe (0 7#!i) . f§ftCVDj£tCj;OS 
i O, 1K6<£0. 5/im%«L, y ^ h ') 'J ^ X. 

SiCtD, SiO, liltc<l 1 -2 0>i:qz?f ICX 
•I'yi^W^SIIlt. GaNM5S:«WS13-yS:, 
3 Mm. VX57 0*|«7 Mm-Tf*-5, ClO^^SHVP 
Etpp^iZXtl. GaCltNH, $JMlp|-<tLT. GaN 20 
1^2 $1 0 OMmfiJtSLfc, fiXS^mi. ■Sffi. 
a^lOSO'C-p, (Sftj$af«8 0 Mm/h-e*S, Ga 
Ntt. «Ui*^gl5WGaN5Ji{caS?e<](CBgfib. 

€r«^i. «iSiia<JIC¥S?5:«ffiSritOGaNJg2 tTSc^ 
fc. 

[0 0 3 6] roJ;^tCbTf#?.nfca«±(C. 
iM3*3 0nm^*b, ^Itl^MOC VD*PF«9(CAn 
T. H, Sr5 0 % + NH3 5 0 %69ii-^^«tfft?, 104 
0*0X4 Om i n®f^iffla?&]SgL. SSC0GaNB2* 30 

[0 0 3 7] ^m^mis.i^rzmm^n&HVPE 

tpfC^LT. T i Ni^±{CNH, tG a C 1 ^mnii 
S i H,C /t^htUT. 1 0 5 0'C-rS 

i H — 7'GaNJK4^3 0 0 MmfiKSb;»t. 
[0 0 3 8] f#e.tlfcGaN^iigaxtf^' + ->-^>»Ua« 

<&a!lffiLfct::5. 1X10' cm-' t^^mz(i>y3i< , 

i^attoiss G a N^iig^x 4^ A- n 

SrffofciC^, GaN (0 0 0 2) mmifrti>y^>i/ 

sec.^fz. ( 1 0 - 1 0) M[HlSfD>y:^>i^* — 
S1g®l*3®i';LS:Sil^lxTfc*«Jl 1 0 s e 

±0. 1 5 itimtArttCAoTVi-SCtSfflSSUfc. 
[0 0 3 9] 50 



2002-343728 

10 

[siss^j 6 ] ^mm 5 T-» e.nfcGaNxtfi5'^->vJi' 

ei^v T i NP*tSS5e<U-X.y^>i^Stl. ^fflWGa 

Tto -^-COiia^. P$ 3 0 0 Mm©GaN#iigS«g5ia 
«4*i#5>n^c. 
[0 0 401 *IIJg^J®GaNXlf:J'^->^;P««f^S!! 

iss, use^j 5 ®xs*^ e. t ^t)-&T0 7 tc^scwtc 

[0 0 4 1] »6nfcGaNgSi!:*iiSSa«OS0Sr. 
[0 0 4 2] 

[*M«'iJ7] SIM^2O:;^ffi{c±0#^.nfcGaNxlf 
^' + ->^;PS«±4{C, iftCVDSTS i O, J»6^ 

0. SMmJtWb. h'jyy^^-f istcto. s 

i 0,)i[(C<l 1-2 0>t¥fftCX h^-f y4^(D.«Sr 
Mtt. GaN«4*Sa$-B-fc (S8#M) . 
3 Mm. vxi'<Z)*i«7 Mm-c*-2>, 

HVPBtpfHlZXn, GaCltNH, Srll!pftLT. 
GaNJKSrS 0 OMmfiKfibfe. « 
Sffl* 1 0 5 O'CT, fiKftjifttt8 O/xm/hT^-S, 
GaN«, «i;s6-«aC©GaNJi{ca^6<)tCBSfiL, V 

ffiSrSL^ ^*IM{C^S;^jiaSS:Jt^GaN^i?S-:? 

[0 0 4 3] mnrcmu<^m.m^2 5 ox:izmmvrz 
mmtm.m<DM-^m'p-<: 1 2 o^x-y5^>^L. ^atc 

mntzi^^y hCD^EaS:SEM^ffltiTjfi!l^L/t<i:C5. 
9X 1 O'lH/cm' t, *«tc/j>;&<. ifSattWilStiG 
a N#i^a»«*t»e.nTViS H tSJt^bfc, 
[0 0 4 4] 

[^M^JS] ^]5g^J7Tt#e.nfeGaNXfcf^'=^^->^JW 

T i Ne/i^*s#JM(-x-;/^>^y$n. t i nhj: 

OfeJi:^»GaN«*^, SanfeO. i7 7U/i7;^tA-SCl<t 
i^<fd*<n/t. #^nitGaN*iigAa««t'JC«. S i 

0 /imC9GaNmiSaogS:Sffi4*tf#?.nfco 
[0 0 4 5] *IIM0IJOG aNXfc!^'^>'-\';i<'S«f^iS 

IS * . mmw 7 (Djima^ s ^t>-&T 0 8 \zm^6^ iz^ 

•To 
[0 0 4 6] 

[0 0 4 7] ^ifeJcfflt^'S-y-^T-rys^wsffltt. 
[0 0 0 1] (ctt:^|pi) tciHiBiLTVi-sctdia 

Cltltt. SfB-r-SGaNP. ^JRH&I/^ftS 

nfcsffejse*^ 7N*a^;fee. [o 0 0 1] . ^-^mn^ts. 




^ [111] tt:;^[6){cHH[6]-r-5i:3tcL. Wc^mzm^ 
® ® G a N X tf ^ -> -^^ ;i/^fi« C M*i^S i r -5 
It^r-fTSIStt. [0 0 0 1] 1 

[0 0 4 8] GaNXfcf^ + ->^;ua:S±(Clt«-r'5)^ 
5 0 0 nmiy,TTS^:it;O^MS UVi. 

■5fcCDt-r-5o ;intt> ^«M<7)J5$:*t5 0 0 nmJ;0 

[0 0 4 9] ^mm\z±\:r^^^wmis.'K\-i.. ^^<nm 

1 Atm:j--3^-{c;fS:oTV»-5>;it*iSSbli7i)t. TiftG 
aN»®P^. 

^ro^CDGaN^SfiKS^f^^®ia*.^*5-ttlC<J;o 

{cs^ef S d t «T? # V > . 

[0 0 5 0] TfifeGaNS(CJ^^Sn-5)3SK«©g|S$«, 
1 0 nmJi^±T$.^^i:75iai LUi, ^fi^cDSI 

Ntf iCtetedtta^L. ^«^<tli[±{Cfi)cfi-r-5GaNtf> 30 

COtefi^Sa/0t<g;M -r ^ 75: < o T b ^ 5 75^ 5 T ^ , 

[0 0 5 1] ^iti3')'yi:^m^\z^m^^i&-r^mvm 
«. 7 0 o-ctiJioias-cff ^^.t^ilii Li^n cin 

«, 7 0 Ot:<tDt)<£V^ia«T«, GaNW^J-^ldntt 
•5. 

[0 0 5 2] ^m.^mt^mti3^)^i^m:(n^^mt. 

1 o%£i±9 o%*j^|-eab*ci:*^a*LVi. cntt, 

#?L^75ii o%*^fe*<i:, tefi:^sco<a^^s*ll/{)^H^:^ 

<i:#e.n;S:<i^i'Sifcisi)T?d5'5o Sit, #?L*7i^9 0%J; 40 
0'b:'c^<;^-5a:. -S-OiWG aN(D<gftfi!cS4'{c^ja 
HgdW^i-MJCfillit^grL. GaNOT^jgftfiJtST&tHII 

[0 0 5 3] 5^^>X«5^^ 
T?$)-5o mi^m\Z\t. Fe. Ni. Zr. Hf. W, P 

[0 0 5 4] m\Lii')':ji^Wk^\z^m^m^t^rzisb<D 
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•5. 

[0 0 5 5] *%gB(Cj;l3#^n^GaN^«£^Xtf^ 
+ >'^;UfiKfi»«XttG a N g5t¥i^ftS1£®e^^« 
tt. IX 10' cm-' JJATTfe-SJlt^^SS Ctl 
tt, te^i^ai^n X 1 0' cm ' iO^Vii:, 

[0 0 5 6] 2|s:5!gB(C±D#e.nSGaN*ii$Sxhr^ 
4«gS^/i/D{cJ;^Cu k a, ^feXj^^^l^fc 

(0 0 0 2) &ZS (10-10) mtfxti-y^yifti—-:/ 

(D^mm (FWHM) iim\ZO. 1° &LT-C$>^Zi:iii 

a Nm^ifu-i ><Dm^MRz^i3.i^nM\zMit:--r^ to 

0. 1° =S:Tm^ Z.iiitt3i\^^, Cine.©«[75«0. 1" i 

0;*c^V^i:, G aNiigStt'Otefi:^a^« 1 X 1 0' cm 

[0 0 5 7] *%?giCJ:0f#?>n-5GaN*«gffiXtfiS' 

-> -v (i G a N e 

-tttt. 5 0 0 Mm©ieffl(Ct)fcO. aip®± 0. 2Mm 
£tf*3{CAoTVi-5J:t7itM*lxVi. 5 0 0 //m©®Ht 
il^OG aNU— If-^^-r:^- K©^^fiT 
^D. ^CD®HF*31r»«S®<7)¥fi'tt3&ta^®± 0. 2 
Amiy^rttCAoTVi^Ctii, :t-HSri^fi£ 
L t # 0 W Lgd^j&i^ b < {ST LT U S fc* 

[0 0 5 8] 

im<Dmmm] ^mm±iz^&r^GaNizm^T. s 

« 3 7ciia®¥<Sflig5t«1g*SjfiTS r <*: feWtBT* 
•5 , 

[0 0 5 9] Mg^$-h*-:/U>S:pMGaNS««$Sjt 

[0 0 6 0] ^JBMSffllC, tJ— 7 7i'iS'>h3ai«Sr* 
r-S 'J n >;Jci:K)7C^?£®;*$-ltT*^ & G a NJKSfiR 
fib. X|i(S«SSrJ:De«$-a-«.:^»3!)t3^^6.n^. 

[0 0 6 1] VX^^fflVifcS*?fi5cfit'ML. HJg^JT' 

[0 0 6 2] 

[ffl^] *%?g{cJ;D»€.n^GaN#iSgft®xfcr^'^^ 



( 8 ) 

[0 0 6 3] 

G a N^JSax tf >- 
[01] :^^m(D—mmm^yn-r. GaNxe^'+v-v 20 

[0 2] :^^m(o~mmm^^-r 
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GaNXtf^'^^v-r 
iX$>^o 

[031 Tflfii:;^t-g.GaNxe^'^>'^;Pfi£ftS«±lC 



[04] Tifti:;^t^GaNXtf^' + ->i';«Sa«Ji(C 

[0 5] Tftt<i:;^£SG aNXtfiS'^->r;UfiRSS«±{C 
(0fflf^ffl^^) 

[06] Tm.tU^GaNX.}f^^'>^r;i,j^^^if^±iz 

[0 7] 2|E%|B©ffi<D||Jg^J$5^-r, GaNg3i»«<D 

St I g ^ « 0 T' ^ -5 „ 

[0 8] *%g«cDffi©nss«aj;£5^r. 

1 tJ-^T^yais 

2 SBeSrJ^fiK-r-2>fca6®GaNB 
2* ^|Sg*««e)>^*nfcGaNg 
3 
3 
4 
5 
6 
6 



GaNg3ia«0 



«S«ffl J?C7^: CD c5 V i fc^Jg^ftJi 
GaN^MSH 

MOCVDST^KSUifcGaN^ 
S i CIS 



[01] 
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